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ABSTRACT

The ~ ●cceleration due to ●hocks la th~ ISII depends
upon ●ultiple crossings E c/3 v per ●-fold
●nergy 8ain. The up-stream scatt b$[~gnr~u;;ed to produce
thin barrier2 ia Alfv6n wave turbulence, When tbc ratio (CR
pressure)/(B /8n) E @ > 1, the stresmin~ velocity theoreti-
cally ●nd observationally becmo ~> v ●nd, hence, no
●ffective up-stream barrier is likely ~~f~~?st. If all ISH
shock acceleration is limited to ~ <$ 1 ●nd the ●vera8e
gslsctic CR condition is ~ a 1, then shocks in the ISH ●re
unlikely to supply the necesssry ●cceleration. Thim is
particularly so for hish ●nergy CR’S ●ccelerated ●arly in
the rumant history where ~ must be large ●nd the nmber of
●-folds required ● rt lar8e.

Him energy CR’S can be produced by the shock breaking

;:: ;f>tyols
❑velope into the me8netosphcrc of the SN star

to 1014eV. It it usually ●s.
enarty dependent ●scape fr W; ;;~g:v~ ~ Io%!v;:o:u::;
a st”eper spectrum fro9 10 Above this mergy
SN’S in ●ll Calaxies fill the mta 8alaxy with CR’s with ●

flatter slope. Convormly, ●n ●xtomal mourco that att~ts
to fill th~ Galaxy frm the outoida mmt have ● still stcepeti
spectrum Al- a - .75 to ponttrato the diffusive barriar of our
8alaxy yet maintain the obse ~d ●IOpe. Thim is unlikely
oinc- the ●er

~ :On’:;a”t 10
●V in tho meta $alaxy would

b. botwoon jo of CR’s ir t-him gslmy or of Lbe
ordor of 10 of the ●nergy density of particles ●nd fields
in tha IGH.

1. Introduction

In ● companion pap~r, W 4-17, th~ ●spcri-ntal ●vidmce iB
diacusmd of tho ftst •scap~ of ionimd mstttr from ● bubble blown in
tha ●arth’o me8notic fi~ld by ● hi~h ●ltitud~ nuclear ●xplosion. In
thim cas~p the conditions of ●diabatic doc~loration ●d trappin8 wre
well matiafiod but did not occur, prom-bly bacauso the particle
presaum ●xco.dod th~ fitld pmssuro. Am diocuamd latar, this is
also prtdictod by thtO~. Th. conaoqumco of this theory is that tho
accoloration of hi8h ●norgy cosmic rayB by shock- in tho intorotallar
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I medium is inhibited. Conversely, sufficient extragalactic accelera-
tion of high ●nergy CR’E ia unlikely because of the spectrum expected
after diffunion into the Galaxy am well as the implied ●nergy density
in the ISM. The consequences of the high ~ limit to Alfv6n wave
trapping for shocks in the ISK ia diacuaaed in Sec. 2 and the high
energy spectrum in Sec. 3.

2 Cosmic Rsy Pressure Limit to Coomic Ray Acceleration in the ISM

The criteria for the Alfv&n apeed limit to perticle streaming
velocity ia shown by Eolman ●t al (1979) to be ●quality between par-
ticle pressure ●nd field presrure. It is ●lao assumed in the CR-ISH
shock ●cceleration that every particle once croaning ahead of the
shoch ●lways returns ●nd the only loss is convection down ~tream ●way
from the ●hock ●nd this loaa determines the spectrum (Bell 1978;
Blahford ●nd Oatriker 1978, 1980), The ●ssumption of no loss ●head is
baaed ●gain upon Alfv6n wave ●xcitation by streaming because tortuosity
haa too large ● scale ~ 100 pc (Heilea, 1976) compared to the remnant
size ●lao ~ 100 pc. One haa to ●ak if the ratio of cosmic-ray-
pressure/magnetic-field-prescure, ~ > 1 , whether the streaming velocity
ahead of the shock could ●ticeed the ●hock velocity and the particles
●scape ahead of the &hock. One must remember that the number of
triala of this question per ●-fold of ●nergy gain is imcn~ely large.
From Bell 0978), this number, N = 3/4 fIC/Vlhoc . Here q is the
compression ratio that must be f{$)~er .han 3 to cf?te ●n-tdequate
spectral index. Hence N : 10 + 106cm s-lrt thewhen ‘szho&3 ~ 10 cm s
maximum ●xtent of the ●hf&!damBuming v in the

‘~f~!n~ hao not been ●dequatelyIstl. The atreaminu velocity aa ● functio
investigated, but it would seem unlikely given this large number of
trails per e-fold that ~ must be even ●s large ● n unity for the stresm-
ins lo-a ●head of the ●hock to be comparable to thst behind. If ~ ia
indeed limitad to unity in the medium ahead of the shock, we can ask
ficther the ●nergy ~u~by ISH shocks, i.e., the total ELpernova
shock ramant vol- x B /8n per cosmic ray ●te is large ●nouah to
●ccelerate the cosmic-ray enarty. We ●lready kaow thot the Gslactic
cosmic-ray ●nargy denmity is rou8hly the same ●a the magnetic energy
dousity ●nd my even ●xceed it by severml fold which should be impos-
sible to ●chieve on this medel, but assuming they ● re equal, we re-
quire that the man total rewmnt volume awept out in the colmic ray
●te ●qualm tho total comic-ray galaxy volume. There 18 no advantage
in ●ssuint ● lar80 fraction of the remant voluu ia in 10V density
“tunneim” bacauao haro ~~at ●csume ●n ●qually low value of B or
wors~, ● lower value of B . Hence, the ~st conservative ●ssumption
ia-~hc mean dcnaity fr- cosmic-ray ●8a ●nd s~glation is <np> = O.?

m -$
C@aaraky 1980) ●nd choosin8 <B> ■ 3 x 10 8ausa, v

ma. Under them. condltiona, the radiative phame of W6!e;;~t
starts harlior, 9 33 Pc (HcCray ●nd Snow 1979) ●nd ● smaller size of
the ~lmful shock rrnant ●nsuos E 50 pc rath~r than 100 pc ●asumed by
Blamford ●nd Oatrik_r (1980) for tho low density tunmol rag~ns. Then

::? 1f -$ondition ■ 1 limi~g the iucramental ●n@r8y to : B /8n & 4 x

~sx%w- $B:3X1O
8SUC0 and th~ ●nargy input per 8N becomes

●rga. This would b~ ● mmr-inal ●nergy iaput. The ●ffect
of ragionm of reduced f.iald in tunnels, or ● limit on ~ < 1 due to the



necessary many shock crossing trials would further reduce this ●nergy
input. In sunanary, the P = 1 Alfv&n speed streaming limit hoses a
new and strong constraint on SN-ISM shcck models of cosmic-ray acceler-
ation and a more detailed ●n*lyoia ia required to substantiate the
present optimistic view.

3. Ultra High Energy Cosmic Rays

There has been no claim thst the s~lpernova shock in the ISM
acceleration mech

?3i:v :rn & :;f~
to cosmic rayo where ●nergy is

greater than z 10 ●V (Blanford ●nd Oatriker 1980)
again because of the number of shock crosaingm req~~ed aa well ●s a
limiting Lrnm~~ radiua. Rence, time spectrum ●bcve 10 ●V ●nd possibly
as low as 10 ●V must be due to ●nether mechanism.

We point out that if the origin in ●xtra galactic, then the
source spectrum must he very strange indeed and -omehow fortuitously
❑atch the internal generated flux without ● large singularity in
slope.

If ccsmic raye find it increasingly eaay to diffuee out of the
Galaxy as their ●nergy increases, then an ●xternal source must find it
more dif.lcult to diffuse into the galaxy ● t l~~r energies.
steepening of the observed spectrum between 10 .eV and 1018 ‘r~~
(Wataon 1930 and Cunningham ● t ●l 1980) is well ●xplained by Bell,
Kota ●nd Wolfendale (1974) ● n the decreased scattering of cosmic rays
an A function of energy by the ●agnetic inhomogeneity of H clouds in
the G-laxy. An external source would experience ●n inverse problem in
trying to diffuoe into the Galaxy. Here the destruction lifetime
within the Galaxy compared to theljiiffu~ion lifetime out becomes the
pertinent psrameter. Since at 10 eV the two timem ● re comparable,
we would ●xpe:t that ●n ●xternal source spectrum index would be flat-
tened by roughly the same ●mount as ●n internal source would be steep-
●ned. The latter value (integral spectrum) is M E - 0,75 ~ivin~ dn
index T S -2.45. Consequently, an ●xte~ai nource would bve to have

:o&ectral ndex of r
to lo’~

+ M E -3.2. At tne ssme time •l~ove
. ●V the ex?bei%fiedsource would require the obaemed r,lope

Of r .% -1.3I. Thus , the external source would be required to lmve
fortui”.ously ● ●tijor chan8i~ of slope ~ E 1.9 juet ●t the peculiar
Smprqj where direct ●scape of cosmic rays from the Galaxy bee-s
pocc~ble. Thit seems ve~ unlikely, ecpec ~~lly when one conoidere
that in ●ddition, the fluxan must match ●t 10 eV where the diffusion
loot becomec significantly lass energy dependent. Aside from th~
unlikely nature of ● tpectrum ss steep ● s (inte~ral) of T R -3.2,
there ●rioes ● serious problem with the ●rcergy density in the
Let ua suppose in order to minimize the problem, that bel~10

lJG:V

the meta 8alactic mource cuts eff ●nd that CR’S below 10 ●V are
ga18ctic in origin. Then the ●nargy density of CR’- in the IGH will

be larger than in the Galaxy ISH ● t 1015 ●V by the ratio (101R/1015)N

& 102”25. But the Galactic en~r~ density ● t 1015 ●V im

‘ISH )5 - c ~*M, o (lo15/lo9)1-r ~ 10-3”7 Czg”-o; cl~~ o = CR ●ncrsy in

the Galaxy. Hence, CIW ~ 10
-1.5

CIsll,o” This i- ●; lea~t 103 time-
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I the likely value of B2/8n in the IGM and, hence, iu most unlikely.

One is then forced to consider that CR’s up to at least 10
18

●V are
fov~edin the Galaxy. It would seem far simpler to have one source for
all ●nergies withi~~ll gal~~ies. If this source flattens in slope by
~ ~ +~Q4 above 10 to 10 eV as ●xpected from SN ~~cta, then the
progressively ●asier ●scape from the galaxy above

\Q t::o% :V-:h:
produces the steeper obsemed spectrum ●nd above 10

loaa from ~~~ 8alax}5s fills the ■ eta galaxy to the level of the flux
observed 10 to 10 ●V (Colgate 1974). This is the current picture
of the spectrum and flux produced by the shock ejection of the
envelope cf Type I mupernova.
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